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a b s t r a c t 
We examine the effect of screen-based activities on obesity and mental well-being for children, 
using a large survey dataset representative of the UK population and an event study model that 
exploits exogenous variation in the entry date of the digital television transition in the UK. The 
digital transition increased the number of available free television channels from 5 to 40, leading 
to a rise in television viewing time. Our results show that receiving access to digital television 
signal considerably increases the mental health total difficulties score among children, and that 
this impact grows over time. We also find suggestive evidence that the digital transition could 
have increased BMI for children. Underlying the net effects appear to be decreases in participation 
in social and physical activities. 
1. Introduction 
Obesity and mental health problems among children have considerably increased during the last decades in most high-income 
countries ( OECD, 2019a; 2019b ). 1 This raises important societal concerns, first, in light of the associated disease burden itself, but also 
beyond, due to adverse effects on educational performance ( Currie, 2009; Currie and Stabile, 2006 ), future labour market outcomes 
( Fletcher, 2014; Lundborg et al., 2014; Smith, 2009 ) and life expectancy ( Frijters et al., 2010 ), among others. Television (TV) viewing, 
a very popular (in-)activity among children and adolescents in most high-income countries, has been commonly hypothesized to be 
one underlying driver of poor health during childhood, both in terms of physical health especially concerning children’s weight 
( Swinburn and Shelly, 2008 ) and mental well-being ( Dickson et al., 2018 ). Yet, as plausible as these consequences may be, the 
literature on the effect of exposure to television on obesity and mental-wellbeing has struggled to identify a meaningful causal 
relationship ( Biddle et al., 2017; Dickson et al., 2018 ). 
As recent data shows, children spend a substantive share of their free time in front of the television. For example, in the UK, 
94% of children watched TV for an average of 13.25 h per week in 2018 ( Ofcom, 2019 ). Given such magnitudes, it is important 
to understand the causal effect of TV viewing on mental and physical health, an ambition which - for several reasons – is not met 
easily. First, the (widely) observed correlation between TV viewing and overweight and mental (ill-)health could also be the result of 
reverse causality: children who feel mentally low - or that are overweight - may be less motivated or able to be socially and physically 
active and, hence, turn to TV viewing more often. Second, there could be third factors either unobservable or not accounted for in 
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the empirical work (e.g parental preferences and education styles, socioeconomic background) that simultaneously affect both sides 
of the observed relationship ( Nakamuro et al., 2015 ). 
In the present study, we seek to provide evidence on the causal effects of TV watching on child mental health and obesity, as well 
as on the underlying mechanisms. We do so by exploiting a natural experiment design offered by the “digital television transition ”
that occurred in the UK between 2008 and 2012, forcing in stages every television transmitter to stop broadcasting analogue signal 
and start transmitting high power digital signal. Several important changes occurred at the time of transition from analogue to digital 
signal, including an increase in the number of television channels from 5 to 40, the possibility of watching television content in 
several languages, the introduction of multimedia services, and a higher definition. 
As a result, the switchover was one of the biggest changes in British television history ( DigitalUK, 2012 ). The digital switchover 
did not exclusively occur in the UK, but also in many other countries world-wide. 
Some previous research has used the digital transition in Italy to explore the effect of television on voting attitudes ( Barone et al., 
2015 ) and crime concerns ( Mastrorocco and Minale, 2018 ), and the digital transition in the UK to examine the effect of television 
on academic outcomes ( Nieto, 2019 ). Besides digital transition reforms, earlier work has exploited variation in the timing of the 
introduction of TV infrastructure to provide evidence on the impact of childhood TV exposure on educational performance test scores 
in the US ( Gentzkow and Shapiro, 2008 ), and variation in reception of TV programs to assess short and long-term effects of TV on 
academic and labour achievement ( Kearney and Levine, 2019 ). 
The digital transition in the UK provides for an adequate natural experiment to study the causal impact of television on health 
outcomes for two reasons. First, the digital transition was implemented in stages by two independent organizations, based on the 
physical characteristics of the British television transmitters. These had been constructed in the 1960s and 1970s, hence reducing 
the likelihood that the switchover is correlated with unobserved determinants of children’s health outcomes. Second, we are able to 
exploit fine-grained geographical variation in the switchover timing across more than 40,000 geographical units. 
We merge the switchover information with two other datasets. The first one contains aggregate panel data on total TV viewing 
time and shares of the different TV content categories at the region–week level. The second dataset consists of the first eight waves of 
the Understanding Society survey. This is a high-quality longitudinal survey dataset representative of the UK population, providing 
information on the health outcomes and socio-demographic characteristics (among others) of children that have been interviewed 
annually since 2009. Using this information, we construct a large panel dataset. Throughout the analysis, we estimate an event study 
model that exploits the fact that children live in areas that received access to digital signal at different dates and allows to show the 
dynamic effect of exposure to television on child health. 
Our paper adds in at least three main ways to the literature on the effect of screen-based activities on mental health and overweight. 
First, we provide causal evidence on the effect of exposure to television on child mental well-being and obesity, using the digital 
television transition in the UK as a natural experiment, combined with a rich longitudinal, nationally representative survey dataset. 
Second, we examine potential heterogeneity in the effects across relevant sub-groups of children with different socio-demographic 
characteristics, to examine whether mental well-being and body weight of some groups of children are particularly affected by 
exposure to television. Third, we explore plausible mechanisms operating behind these effects, including changes in the frequency 
with which children engage in social, physical, and extracurricular educational activities. 
Our results demonstrate a harmful influence of exposure to television on the mental health of children and provide suggestive 
evidence that TV exposure could increase their BMI as well. We first show that television viewing time does not change in the years 
prior to the switchover but does increase immediately after its implementation, with the effect increasing over time. For health 
outcomes, we show that, in the years prior to the switchover, there is no change in children’s mental health and BMI. However, we 
find that, very shortly after receiving access to digital television, there is a strong increase in children’s mental health total difficulties 
score (TDS), and that this effect increases over time. We also find suggestive evidence that children’s BMI could have increased as 
a result of the digital transition. Taking into account the effects of the switchover on TV viewing time, mental health and BMI, we 
estimate that one more hour of TV viewing time per week during a year increases children’s TDS by 3.53% and potentially raises 
their BMI by 1.04%. Finally, we show that the digital transition reduces mental well-being and potentially increases overweight via 
decreasing children’s involvement in social and physical activities, but not through changes in children’s eating habits, perceptions 
about their appearance, or involvement in extracurricular educational activities. 
The paper is structured as follows: Section 2 reviews the literature on the effect of television on health, Section 3 explains our 
natural experiment as well as identification strategy and Section 4 describes the data we use. Section 5 presents and discusses our 
findings, and Section 6 explores plausible mechanisms. Lastly, Section 7 provides concluding remarks. 
2. The relationship between TV viewing and children’s overweight and mental health 
While there exists a significant and extensively reviewed literature that has empirically analysed the relationships between TV 
viewing and either overweight ( Biddle et al., 2017; Ghobadi et al., 2018; Tripathi and Mishra, 2020; Zhang et al., 2016 ) or mental 
health ( Dennison et al., 2016; Dickson et al., 2018 ) in children and adolescents, the existing evidence is, as the here-cited reviews 
underline, dominated by either cross-sectional evidence that is remarkably mixed in terms of the size and significance of the estimated 
relationship, or based on small-scale, hard-to-generalize experimental intervention studies. Taken together, this leaves the question 
of a causal, population-level effect of TV viewing still widely open. 
Much of the early work focused on either cross-sectional or in rare cases a limited longitudinal design. For instance, in what 
appears to be the first empirical study of its kind, Dietz and Gortmaker (1985) used data from two (mostly) cross-sectional rounds to 
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show a significant, but in the authors’ judgement “small ” association between TV watching and child obesity. 2 An important advance 
in the direction of more extensive, yet somewhat regionally constrained, longitudinal analysis was by Hancox et al. (2004) , who used 
longitudinal data from a rich birth cohort of over 1000 children born in one town in New Zealand in 1972-73, to show that weekday 
TV viewing was associated with higher future body mass index (BMI). Similar results were found for the US by Boone et al. (2007) and 
Danner (2008) , using nationally representative datasets from adolescents and Kindergarten children cohorts, respectively, and for 
Australia by Cleland et al. (2018) , using a prospective cohort of Australian children. More recently, Tahir et al. (2019) established 
a dose-response relationship between hours of TV viewing in childhood/adolescence and BMI at age 18 and in adulthood, among 
females in the US. Other studies contradicted or at least attenuated the Hancox et al. (2004) results, finding a weaker and sometimes 
insignificant association between TV viewing and BMI ( DuRant et al., 1994; Hammer et al., 1993; Katzmarzyk et al., 1998; Nakamuro 
et al., 2015 ). 
Alongside the observational studies, a set of experimental, generally small-scale intervention studies have been conducted 
( Buchanan et al., 2016 ). According to the systematic review by Buchanan et al. (2016) , the existing evidence indicates that re- 
ductions in screen time may decrease BMI from -0.09 to -0.44 kg/m 2 , suggesting that limiting television viewing time may help 
prevent child obesity ( Robinson, 1999 ). Buchanan et al. (2016) also note, however, that while the existing experimental evidence 
does exist for children, it remains scarce for adolescents (aged 13+ years), which is the age where screen time increases most no- 
tably. 3 It is also important to bear in mind that the experimental studies are subject to at least two important limitations. First, these 
studies are typically based on very small sample sizes and short follow-up post-interventions, and as tends to be characteristic of 
experimental studies more generally ( Duflo et al., 2007 ) are often implemented with special care, compared to how they would be 
implemented in real-world circumstances. Second, it is not hard to imagine that small-scale, experiment-based effects may differ 
from real world impacts of population-level, secular changes in TV viewing, which only become visible if the treatment is scaled up 
to a larger population or extended over a longer duration. This may work in both effect-enhancing and diminishing directions: for 
instance, if TV channel availability and viewing becomes increasingly common, there may be social multiplier effects ( Christakis and 
Fowler, 2007 ) that could reinforce the population-level impact on obesity (or mental health), compared to the sum of any individual 
effects TV viewing would have in an experimental, individual-level setting. Alternatively, population increases in TV viewing may 
intensify social awareness about the negative implications of screen watching on health, which may lead to individuals adopting 
types of behaviour that may cushion the negative implications of television on health. Taken together, these limitations compromise 
the external validity and generalizability of small-scale studies. By estimating the effect of exposure to television on mental health 
and BMI in a population-wide study setting, we are able to – in contrast to the existing multiple studies using small-scale surveys of a 
selective population sub-group – capture potential general equilibrium effects to be had from scaling up the “treatment ” to an entire 
population. 
Several potential mechanisms may explain the effect of TV viewing on obesity. First, TV watching is a sedentary activity that might 
substitute the time children spend being physically active ( Jenvey, 2007 ). For the UK, Sandercock et al. (2012) showed a graded, 
negative association between higher screen time and lower free-time physical activity in a cross-sectional sample of 10–15 year 
olds. Similarly, Tammelin et al. (2007) found screen time to be negatively correlated with physical activity for Finnish adolescents. 
Second, watching TV may reduce the resting metabolic rate, i.e. the amount of calories burnt by the body when at rest ( Klesges et al., 
1993 ). Lastly, television viewing may increase energy intake ( Crespo et al., 2001; Van den Bulck and Van Mierlo, 2004 ), through the 
behavioural influence of TV advertising targeting children and adolescents to increase their fast-food, sugary beverages and alcohol 
consumption ( Andreyeva et al., 2011; Avery et al., 2017; Chou et al., 2008; Hastings et al., 2003; Powell et al., 2017; Saffer and Dave, 
2006 ). 
Regarding mental well-being, TV viewing has been commonly associated with aggressive behaviour ( Huesmann et al., 2003; 
Johnson et al., 2002; Nakamuro et al., 2015 ), irregular sleeping time ( Johnson et al., 2004; Thompson and Christakis, 2005 ), anxiety 
( Bryant et al., 1981 ), depression ( de Wit et al., 2011 ) and attentional problems ( Christakis et al., 2004 ). The suggested mechanisms 
behind the potential adverse mental health outcomes comprise: TV watching increasing physical inactivity and/or sedentary time, 
which in turn harms mental well-being ( Harvey et al., 2010; Lechner, 2009; Lubans et al., 2016 ); TV viewing contributing to weight 
gain and unfavourable body composition, provoking weight-based bullying, teasing, stigmatization, and ultimately poor mental 
health ( Nikolaou, 2017; Russell-Mayhew et al., 2012 ); and the sedentary behaviour associated with TV viewing increasing the intake 
of unhealthy food and beverages ( Chou et al., 2008; Hobbs et al., 2015 ), which harms children’s and adolescents’ psychological mood 
( Jacka and Berk, 2007; van Strien et al., 2013 ). 
2 A similarly influential, early study was by Gortmaker et al. (1996) , who established a statistical link between TV viewing hours in adolescents 
and the probability of being overweight, using (mostly) 1990 data. 
3 In light of the scarcity of experimental intervention studies on young adolescents, as highlighted by Buchanan et al. (2016) , combined with 
the generally mixed findings in the above-mentioned observational data research, there does not appear to exist a consensus on the precise role 
played by the age of children or adolescents in affecting the relationship between TV viewing and obesity (the same applies to the mental health 
effects of TV viewing.) On the one hand, it is plausible to assume that because younger children are subject to greater and more effective parental 
control, they may on average be less exposed to TV viewing than adolescents ( Biddle et al., 2014 ), and, hence, they would be less likely to suffer 
adverse physical or mental health consequences. On the other hand, epidemiological research has shown that while the odds of being overweight 
continuously increase as children grow older, the particularly sensitive time for children to develop their longer term weight trajectories seems to be 
at very young ages (i.e. below age 7) ( Geserick et al., 2018 ). From this perspective, any TV viewing in the very early years may have more damaging 
effects in younger, particularly susceptible children. In contrast, as for mental health, it appears to be the older children and adolescents that face 
bigger mental health challenges, compared to younger ones ( Blakemore, 2019 ). 
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3. Natural experiment and identification strategy 
3.1. Digital television switchover 
The digital transition involved the upgrade of every TV transmitter in the UK in order to switch off the transmission of analogue 
signal and start the provision of high-power digital signal. The digital switchover was one of the biggest revolutions in the history 
of the British television market, as it gave digital television access to millions of households for the first time in their lives and 
equipped them with several important improvements. For example, the digital television signal increased the number of television 
channels from 5 to 40, allowed individuals to watch some television programs in multiple languages, offered multimedia services, 
and provided a higher definition. 4 To be able to watch digital television, it is not only necessary to receive digital signal but people 
also need to install a set-top box in their TV device, which could be bought for approximately 30 pounds and which was subsidized 
for economically disadvantaged individuals by the UK Government. 
Two independent organizations were in charge of the digital television transition implementation: Ofcom and DigitalUK. Ofcom 
is the media regulator in the UK and DigitalUK is a non-profit organization. They implemented the switchover process based on the 
physical components of the British television broadcasters, which had been built in the 1960s and 1970s. 
The switchover process took place at different dates in the different television transmitters during the period of 2008 and 2012. 
There are 1235 television transmitters in the UK and it is common for individuals to receive television signal from more than one 
television transmitter. This generates strong geographical variation in the timing of the digital switchover, which we exploit across 
more than 40,000 Lower Layer Super Output areas. These are small statistical areas with an average population of 1500. 5 Fig. 1 
displays the variation we use in the analysis on the switchover process during the period of 2008–2012. 
The changes brought about by the digital switchover notably increased television viewing time. Fig. 2 shows that television 
viewing time did not change much in the years prior to the switchover commencement, but that it rapidly increased after the start 
of the digital transition. Television viewing time remained higher during the digital transition period and steadily decreased upon 
its completion, probably due to the increased use of tablets and the introduction of internet-based streaming services such as Netflix, 
Youtube and Amazon Prime video ( Ofcom, 2019 ). Not surprisingly, Fig. 2 shows that the TV viewing share of the analogue television 
channels fell during the digital transition period due to the higher supply of digital television channels. The TV viewing shares of 
the traditional channels also fell prior to the switchover process start because part of the population already had access to a higher 
number of TV channels before the switchover start. 
Lastly, Figure 3 shows that television content did not change considerably during the period of analysis. Here, we classify television 
content into eight different categories: entertainment, educational programmes, cultural content, novelas, children content, news, 
documentaries and other. 6 
3.2. Empirical strategy 
We estimate an event study specification that exploits variation in the date when children receive access to digital signal to 
estimate the dynamic effect of exposure to television on mental well-being and BMI. Our baseline model is the following: 
𝑦 𝑖,𝑟,𝑡 = 𝛼 + 
∑
𝜏≠−1 
𝛽𝜏1[ 𝜏 = 𝑡 − 𝑡 𝑟 ] + 𝜃𝑋 𝑖,𝑟,𝑡 + 𝜆𝑡 + 𝜁𝑟 + 𝜁𝑟 𝑡 + 𝜀 𝑖,𝑟,𝑡 (1) 
where 𝑦 𝑖,𝑟,𝑡 is the outcome of interest of child 𝑖 , who lives in LSOA 𝑟 , in year 𝑡 . Our two main outcomes of interest are the mental 
health total difficulties score and BMI of child 𝑖 in year 𝑡 (see Section 4 for definitions). 
∑
𝜏≠−1 1[ 𝜏 = 𝑡 − 𝑡 𝑟 ] is a set of dummies equal 
to 1 if 𝜏 periods have passed or are left at year 𝑡 relative to the digital transition deadline in LSOA 𝑟 , which is denoted by 𝑡 𝑟 . We 
include event dummies for the three years preceding the switchover to study parallel trends in our outcomes of interest before the 
switchover occurrence. We also include event dummies for the six years after the switchover occurrence and a dummy for seven 
years or after to account for the dynamic effect of the switchover on health. We use as baseline period 𝜏 = −1 , meaning that our 
coefficients of interest will show the effects of the years relative to the digital television transition date compared to the year prior 
to its occurrence. We control for a number of time-varying covariates at the individual level, such as gender, a set of age dummies, 
the logarithm of household income, the number of members, bedrooms and cars in the household, and whether children live in a 
rural or urban area. We denote this set of socio-demographic controls by 𝑋 𝑖,𝑟,𝑡 . 
7 𝜆𝑡 is a set of year dummies that control for non-linear 
trends in the outcome variables common across children over time. We also control for LSOA fixed effects, which are denoted by 𝜁𝑟 , to 
4 Despite the number of improvements, the most important change was the increase in the number of TV channels that people could watch from 
5 to 40. Having the possibility of watching the same television program in multiple languages may not have increased substantially the interest of 
children in that program, but it could neither have reduced the interest of children in that program. 
5 The name of the geographical units we use in Scotland and Northern Ireland are Data Zones and Super Output Areas, respectively. These are 
equivalent in size and population to LSOAs in England and Wales. 
6 Figures 2 and 3 provide information representative for the UK population. In Appendix A.2, we provide similar descriptive evidence for children. 
We show that the patterns of TV viewing and TV content over the period of analysis for children are similar to the whole UK population ones. We 
do not provide descriptive evidence on the shares of the traditional channels for children because this data is not available. 
7 It is important to control for a set of age dummies as this allows to account for a non-linear relationship between BMI/mental health outcomes 
and the age of children. 
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Fig. 1. Switchover Process. The figure shows the staggered introduction of the digital switchover in the UK. By 2012, all regions in the UK had 
obtained access to digital television signal. Albeit not shown, the digital television transition also occurred in Northern Ireland during the period of 
2008–2012. 
5 
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Fig. 2. TV Viewing Time and TV Shares. The figure uses data from the Broadcasters Audience Research Board to present the average television 
viewing time of the UK population per week and the share of the channels that could be watched via analogue television signal during the period 
of analysis. 
account for time invariant unobserved determinants of the mental health and weight of children at the LSOA level, and for regional 
trends, denoted by 𝜁𝑟 𝑡 , to account for the possibility that the different LSOAs may be following different health trends over time, 
which may bias our event study estimates if not taken into account ( Angrist and Pischke, 2008 ). Despite the inclusion of time-varying 
covariates, year dummies, LSOA fixed effects and trends in the analysis, we still have enough variation in 
∑
𝜏≠−1 1[ 𝜏 = 𝑡 − 𝑡 𝑟 ] as the 
digital switchover took place in the different LSOAs at different dates. Finally, 𝜀 𝑖,𝑟,𝑡 is a time-varying error at the child level. We 
cluster standard errors at the LSOA level. 8 
4. Data 
4.1. Switchover data 
We use information on the dates when the digital transition occurred at the LSOA level in the UK, which we web-scrape from 
the DigitalUK website. The dataset on digital transition deadlines also contains information on the transmitters that provide digital 
television signal to each LSOA, the quality of the signal, and the type of transmitter. There are two types of television transmitter: 
principal transmitters, which generate television signal, and relay transmitters, which receive television signal from the principal 
broadcasters and repeat it to areas that cannot receive television signal from the principal transmitters. We link this information with 
two additional datasets that we describe below. 
4.2. TV viewing data 
We first merge our information on the switchover dates at the LSOA level with an aggregate panel dataset that contains TV viewing 
information at the week level for each of the 13 TV regions in the UK, using mappings between both geographical units. This provides 
us with important variation in the switchover dates across the different TV regions in the UK. These areas were set by ITV, which is 
a public television network, so that television providers could manage the broadcast of regional TV content, such as local news or 
weather information. As the unit of the dataset is the week-region level, and as we use the sample period from 2007 to 2014, this 
provides us with 4655 week-region observations in our analysis of TV viewing, and we do not impose any sample restriction. The 
dataset was provided by the Broadcasters Audience Research Board (BARB), and it provides rich information on television viewing, 
8 Appendix A.3 presents the baseline estimates for mental well-being and BMI clustering standard errors at alternative levels, such as the household 
and Government Office region level. 
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Fig. 3. TV Content. The figure uses data from Ofcom to present the share of each television content during the period of analysis. In particular, we 
show the proportion of television viewing time that individuals dedicate to the entertainment, documentaries, news, soap operas, children content, 
current affairs, education content and other genres. 
including the average weekly TV viewing time in regions and the share of the following TV content categories in a region and week: 
(i) arts, (ii) children content, (iii) documentaries, (iv) affairs, (v) weather, (vi) soap operas, (vii) music, (viii) educational content, 
(ix) entertainment, (x) leisure, (xi) drama series, (xii) political content, (xiii) cinema movies, (xiv) religious content, (xv) sports, (xvi) 
TV movies, and (xvii) other content. We have this type of information for several age groups, including children aged 4–15. During 
the observation period, children aged 4–15 watched television for 949.43 minutes per week on average. 
4.3. Understanding society 
We also link our information on the digital switchover with data from waves 1–8 of the youth questionnaire of the Understanding 
Society survey ( University of Essex, Institute for Social and Economic Research, 2019a ), which is a large longitudinal survey rep- 
resentative of the UK population that has followed children aged 10–15 on a yearly basis since 2009. The dataset permits linking 
children across different waves, allowing us to build a panel dataset containing yearly information on the health outcomes, time use 
and socio-demographic characteristics of children. Regarding health outcomes, the youth questionnaire of the Understanding Soci- 
ety survey contains information on the height, weight and BMI of children. The Understanding Society survey also contains yearly 
information on the mental health difficulties of children, providing scores on whether they have: (i) emotional, (ii) relationship, (iii) 
conduct, and (iv) hyperactivity problems. Each of these components are measured on a scale ranging from 0 to 10 with higher values 
indicating greater mental discomfort and can be summed into an overall mental discomfort score, which can range from 0 to 40. 
We have information about the BMI of individuals for different survey years than those that we have mental health information for. 
Throughout the paper, we include all observations we can use for each outcome variable in the analysis to maximize the statistical 
power we can have. This leaves us with a sample of 13,379 and 4979 individual-year observations in the analyses of overall mental 
health discomfort score and BMI, respectively. As the number of children we use in the mental health and BMI analyses is 8251 and 
3376, respectively, we are able to observe children for an average of 1.62 and 1.48 times in these analyses, respectively. 
The Understanding Society survey also provides rich information on the socio-demographic characteristics of children, such as 
their age, gender, ethnicity, household income and household size, as well as on whether they live in rural or urban areas. Using 
special licence data from the UK data service ( University of Essex, Institute for Social and Economic Research, 2019b ), we also observe 
7 
A. Nieto and M. Suhrcke Journal of Health Economics 80 (2021) 102543 
Table 1 
Descriptive Statistics. 
Sample Boys Girls 
Age 12.58 12.57 12.58 
(1.68) (1.67) (1.68) 
Non-white British 0.24 0.24 0.25 
(0.43) (0.43) (0.43) 
HH Speaks English 0.96 0.96 0.96 
(0.19) (0.19) (0.19) 
Religious 0.60 0.58 0.62 
(0.49) (0.49) (0.49) 
Net HH Income 3507.72 3591.35 3421.68 
(5833.18) (7608.62) (3076.40) 
Rural Area 0.24 0.25 0.23 
(0.43) (0.43) (0.42) 
N bedrooms 3.47 3.48 3.46 
(0.93) (0.93) (0.92) 
N cars 1.48 1.48 1.47 
(0.86) (0.85) (0.88) 
Has siblings 0.91 0.92 0.90 
(0.29) (0.28) (0.30) 
Household Size 4.51 4.53 4.48 
(1.36) (1.35) (1.36) 
N Children 2.21 2.22 2.20 
(1.06) (1.05) (1.08) 
BMI 19.96 20.03 19.88 
(4.79) (4.82) (4.76) 
Mental Difficulties Score 10.60 10.57 10.64 
(5.71) (5.72) (5.71) 
Frequency of Social Activities Index 0.14 0.14 0.13 
(0.94) (0.95) (0.93) 
Number of Sports Practiced 1.24 1.36 1.12 
(2.43) (2.58) (2.26) 
Prob Extracurricular Activities 0.35 0.31 0.39 
(0.48) (0.46) (0.49) 
N observations 18,358 9,309 9,049 
N individuals 11,627 5,918 5,709 
N observations per individual 1.58 1.57 1.59 
Standard errors in parentheses. The table presents the mean and standard 
deviation of some socio-demographic characteristics of children. The table 
presents summary statistics for the whole sample as well as for boys and 
girls separately. 
the Lower Layer Super Output Area (LSOA) where children live. Using this information, we match the Understanding Society dataset 
with the data on digital transition deadlines. Finally, the Understanding Society survey contains information on children’s eating 
habits, as well as on the activities in which they get involved, including social, extracurricular, and sports activities. 
Table 1 presents the means and standard deviations of some socio-demographic and health characteristics of children, in column 
1 for the sample as a whole, and in columns 2 and 3 for boys and girls separately. 9 As shown, boys and girls are very similar in most 
socio-demographic characteristics, although boys have a higher BMI and lower mental discomfort than girls. Moreover, boys and girls 
are equally likely to get involved in social activities, and boys practice more sports, but are less likely to participate in extracurricular 
educational activities than girls. 
5. Results 
5.1. TV viewing time 
This section explores whether the digital switchover had an effect on television viewing time. To do so, we use our aggregate data 
on TV viewing time per week and estimate a specification identical to Eq. (1) but that uses as unit of analysis the region-week level, 
given the aggregate nature of the dataset. In particular, we use as dependent variable the average television viewing time per week 
by children in a region, and as independent variables a set of event dummies indicating the year relative to the switchover date in a 
region, year–week dummy variables to account for the fact that our time unit of analysis is at the week level, regional fixed effects 
9 The paper comprises two analyses, where we study the effect of the digital transition on obesity and mental well-being. Table 1 presents summary 
statistics for children who are part of any of the samples we use throughout the paper. 
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Fig. 4. TV Viewing Time. The figure presents the estimates and the 95 per cent confidence intervals of the event dummies of a specification identical 
to the baseline one but that uses as unit of analysis the region–week level, as it is the level at which we observe our aggregate dataset on TV viewing. 
We use children’s average television viewing time per week in a region as dependent variable. 
and regional trends. 10 We present the estimates in Fig. 4 . As shown, the estimates on television viewing time per week before the 
switchover are very small and not statistically significant. However, right after the switchover, there is a rise in television viewing 
time per week and the impact increases over the years. The results therefore suggest parallel trends on television viewing time per 
week in the years before the switchover, and an increasing effect in the years after. Taking into account that a year has 52 weeks, 
we compute the magnitude of the total effect of the digital switchover on TV viewing time as the sum of the estimates of the event 
dummies for the years after the occurrence of the switchover multiplied by 52, and calculate that the digital switchover increased 
TV viewing time by 619.77 h per individual during the six years after the switchover. This represents an increase of 12.55% relative 
to the total TV viewing time per person over the same period. 11 
5.2. Baseline results 
This section assesses the causal impact of the digital television switchover on mental health and obesity. To do so, panels A–B 
of Fig. 5 present the estimates of the baseline specification using as dependent variable a score that measures the overall mental 
discomfort of children and their BMI, respectively. 12 As shown, the estimates of the years preceding the switchover occurrence on 
mental well-being and obesity are small and not statistically significant. For mental health, however, the estimates of the years after 
the occurrence of the digital transition are positive and frequently statistically significant at the 5% confidence level, indicating that 
the digital transition increased mental discomfort. Regarding the dynamics of the effect on mental health, we find that the effect of 
having access to digital television signal on mental discomfort increases over time. 13 Regarding the magnitude of this impact, we 
10 We therefore estimate the following specification: 𝑦 𝑟,𝑡 = 𝛼 + 
∑
𝜏≠−1 𝛽𝜏1[ 𝜏 = 𝑡 − 𝑡 𝑟 ] + 𝜆𝑡 + 𝜁𝑟 + 𝜁𝑟 𝑦 + 𝜀 𝑟,𝑡 . There are 52 weeks per year over the sample 
period, which goes from 2007 to 2014. 𝑦 𝑟,𝑡 is the average television viewing time per week of children in region 𝑟 at year–week 𝑡 ; 
∑
𝜏≠−1 1[ 𝜏 = 𝑡 − 𝑡 𝑟 ] 
are our event dummies of interest indicating the years relative to the switchover date in region 𝑟 ; 𝜆𝑡 is a set of year–week dummies (8 years x 52 
weeks per year dummies); 𝜁𝑟 and 𝜁𝑟 𝑦 are a set of region dummies and region trends over the years, respectively; and 𝜀 𝑟,𝑡 is the error term. 
11 Appendix A.4 studies whether the digital switchover also had an impact on TV content. This is important because the new TV channels brought 
by the digital switchover may have increased the availability of TV content appealing to children. Besides, different TV content categories may have 
different effects on health. As shown in Appendix A.4, the estimates of the digital switchover on the type of television content that children watch 
are small, and also generally not statistically significant. This suggests that, despite the digital transition increased the number of TV channels and 
variety in TV programs that children could watch, children watched similar TV content before and after the switchover. 
12 Appendix A.5 repeats this analysis, but controlling for a dummy that takes value 1 if the switchover has occurred by the time of the interview in 
region 𝑟 and 0 otherwise, instead of controlling for a set of event dummies. This functional form allows for a simpler presentation of the results but 
at the same time imposes the effects of the switchover to be constant over time, which may lead to the estimates obtained in Appendix A.5 being 
biased. 
13 In the baseline specification, we account for treatment heterogeneity over time. In Appendix A.6, we assess how important is treatment hetero- 
geneity across units in our analysis and follow Sun and Abraham (2020) to estimate a DID model based on an interaction weighted estimator which 
presents estimates that are robust to treatment heterogeneity across units. As shown in Appendix A.6, the estimates of our analysis are robust to 
implementing this type of estimator. 
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Months Relative to Digital Transition
Panel B: BMI
Fig. 5. Baseline Results. Panels A–B of the figure present the estimates of the event dummies of the baseline specification using as dependent 
variable the overall mental health discomfort score and BMI of children, respectively. We present 95 per cent confidence intervals after clustering 
standard errors at the LSOA level. 
show that six years after the occurrence of the switchover, the mental discomfort score is 4.46 points higher relative to the year prior 
to the switchover. Taking into account that the switchover increased television viewing time by 619.77 h during this period, the 
estimates imply that 52 more hours of television viewing time (or one more hour per week during a year) lead to an increase in the 
mental health discomfort score of 0.374 points, which represents an increase of 3.53% relative to the average baseline level of this 
index for children. For physical health, we find suggestive evidence that children’s BMI could have increased as a result of the digital 
transition. 14 Regarding the dynamics and magnitude of the effect of the digital switchover on BMI, we find that the effect seems to 
accumulate over time, but that the estimates are only statistically significant at the 5% confidence level in the short-term, possibly 
due to a lack of statistical power to estimate subsequent event dummy years. 15 We calculate the magnitude of the effect of exposure 
to television on BMI in a similar way as we did for mental health, and find that 52 more hours of television viewing time (or one 
more hour per week during a year) potentially increase BMI for children by 0.21 points, which would represent an increase of 1.04% 
in their average baseline level of BMI. While as mentioned above, the previous evidence of observational studies offers mixed results 
( Biddle et al., 2017 ), our estimates are within the range of magnitudes found by some of the previous longitudinal studies that did 
detect a positive association between TV viewing and BMI. 16 Further below, we examine which type of activities may have been 
replaced by TV viewing, in order to understand potential mechanisms behind our findings on the effects of exposure to television on 
mental health and BMI. 
Fig. 6 examines which are the sub-components of the overall mental discomfort score of children driving the effect of the switchover 
on mental well-being. There are four sub-components of the overall mental discomfort score of children, which are: (i) conduct, (ii) 
emotional, (iii) hyperactivity, and (iv) relationship problems sub-score, respectively. As shown, we find small and not statistically 
significant estimates for all of these outcomes in the years preceding the switchover. However, we find that obtaining access to digital 
signal negatively affects the conduct of children, their emotional symptoms, hyperactivity, and relationship abilities. The estimates 
of the years after the occurrence of the switchover on these sub-components are generally significant or almost significant at the 
5% confidence level, and consistent with the estimates for mental health in Fig. 5 , we find an effect that increases over time for 
14 We test two main hypotheses in the paper, and hence it is important to account for multiple hypothesis testing in our baseline results. We address 
this concern in Appendix A.7. 
15 Appendix A.8 re-estimates the analysis on BMI presented in this section but using BMI z-scores as dependent variable. As shown, the estimates 
presented in Appendix A.8 are similar to the ones presented in this section. 
16 For instance, using a cohort of Australian children aged 7–15 years old, Cleland et al. (2018) found one extra hour per day of TV viewing to 
be associated with a BMI increase of 0.41 kg/m2, compared to those whose TV viewing remained stable. The longitudinal study by Danner (2008) , 
focusing on a sample of US Kindergarten children, concluded that a child that watched four hours per day rather than one hour had an estimated 
0.42 kg/m2 higher BMI. As the studies themselves acknowledge (and as we flagged in the literature review in Section 2 ), the existing longitudinal 
studies have hitherto not addressed the causal nature of the relationship of interest. 
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Months Relative to Digital Transition
Panel D: SDQ Subscale: Peer Relationship Problems
Fig. 6. Baseline Results–Mental Health Sub-components. Panels A–D of the figure present the estimates of the event dummies of the baseline 
specification using as dependent variable the (i) emotional, (ii) relationship, (iii) conduct, and (iv) hyperactivity mental discomfort score sub- 
components of children, respectively. We present 95 per cent confidence intervals after clustering standard errors at the LSOA level. 
all outcomes. Lastly, we find higher effects of the switchover on mental health for the conduct problems and emotional symptoms 
sub–components. 17 Overall, the estimates suggest that television has a negative impact on the mental well-being of children. 18 
17 When estimating these results, we have included all individuals available for each outcome variable. There are 26 individuals, however, who 
we can observe for some of the mental health sub-components, but not for all of them, and neither for the overall mental health discomfort score. 
Appendix A.9 re-estimates the analysis on mental health using the sample of individuals that we can observe in all mental health sub-components 
and in the overall mental health discomfort score. As shown, the estimates are robust to this sample restriction, which is not surprising given that 
it only drops 0.19% of the sample. 
18 Appendix A.10 shows that the inclusion of children fixed effects increases the width of the confidence intervals of our estimates, which was 
expected because we only observe children for an average of 1.62 and 1.48 times in the mental health and BMI analyses, respectively. Yet, it is 
reassuring to see that controlling for children fixed effects leads to similar results as the ones obtained in our baseline specification and to estimates 
that are almost significant at the 5% confidence level for the years after the switchover in some outcomes. 
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Fig. 7. Balancing Tests. The figure presents the estimates of a regression that studies whether a set of pre-determined characteristics are correlated 
with the timing of the digital television transition in the UK. Panel A presents unconditional estimates whereas panel B shows estimates after 
controlling for LSOA and year dummies. 
5.3. Robustness checks 
This section estimates multiple robustness checks to support the identification strategy and test whether the estimates are robust 
to different estimation specifications. 
5.3.1. Balancing tests 
We next provide evidence supporting our empirical strategy by examining whether the timing of the digital transition is correlated 
with a set of pre-determined characteristics that may be determinants of health outcomes. Panel A of Fig. 7 presents the unconditional 
estimates of a regression that studies the impacts of multiple pre-determined characteristics on the number of years that have passed 
at the time of the interview since the switchover deadline. Panel B of Fig. 7 presents the estimates of a regression similar to the one we 
estimate in panel A but that controls for LSOA and year dummies. The timing of the digital transition is unconditionally correlated 
with some pre-determined characteristics, but all the estimates become small and not statistically significant after controlling for 
LSOA and year dummies. 
5.3.2. Alternative specifications 
We next account for the fact that children receiving television signal from different transmitters may differ in unobserved charac- 
teristics that determine mental health and BMI. To do so, Fig. 8 presents the estimates of a specification similar to the baseline one 
but that also controls for a set of transmitter dummies. We use as dependent variables children’s mental discomfort score and BMI in 
panels A and B, respectively. As shown, the event dummies estimates are similar to the ones we found after estimating our baseline 
specification, and so the estimates of the digital transition are robust to controlling for transmitter fixed effects. 
5.4. Heterogeneity 
In this sub-section, we study whether the impacts of the digital transition on mental well-being and BMI are heterogeneous in 
the socio-demographic characteristics of children. Fig. 9 presents the estimates of specification 1 separately for the subsamples of 
individuals with a household income below and above the median of the household income distribution. We use as dependent variable 
children’s overall mental discomfort index in panels A–B, and BMI in panels C–D. As shown, the estimates of the event dummies 
preceding the switchover date are small and not statistically significant for individuals independently of their household income. 
Moreover, the effects of exposure to television on mental well-being and BMI are similar for children of different socio-economic 
12 
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Fig. 8. Alternative Specification. The figure presents the estimates of the event dummies of a model similar to the baseline specification but that 
also controls for transmitter fixed effects. Panels A–B of the Figure use as dependent variable the overall mental health discomfort score and BMI of 
children, respectively. We present 95 per cent confidence intervals after clustering standard errors at the LSOA level. 
backgrounds, as the estimates are not statistically different across subgroups. This may be because, in this section, we estimate our 
baseline specification based on subgroups of the population, which have reduced sample sizes and may lead to a lack of statistical 
power in our estimations. 
We further examine whether the effects of the digital television transition on mental well-being and BMI are heterogeneous in 
children’s gender. We do so by estimating the baseline specification separately for boys and girls. Panels A–B and C–D of Fig. 10 
present the estimates using children’s total mental difficulties score and BMI as dependent variable, respectively. As shown, the 
estimates on the years preceding the switchover are small and not statistically significant in all panels. Moreover, we show that the 
baseline results on the effect of the switchover on mental well-being and BMI are primarily driven by boys, albeit the point estimates 
are not statistically different by gender. 
Lastly, we study whether the effects of exposure to television on mental well-being and BMI are heterogeneous in children’s 
ethnicity. We do so by estimating the baseline specification separately for white British and non-white British. Panels A–B and C–D of 
Fig. 11 present the estimates using children’s total mental difficulties score and BMI as dependent variable, respectively. As shown, the 
point estimates of the years preceding the arrival of digital signal are small and not statistically significant. Moreover, the estimates 
of the years after the switchover are not statistically different between white British and non-white British, suggesting that the effects 
of the digital transition on mental well-being and BMI do not depend on children’s ethnicity. 
It is also important to note that previous studies have found that the labour status of parents matters for the probability of children 
being overweight ( Li et al., 2019 ). Appendix A.11 explores whether parents’ labour status also plays a role in our context, and shows 
that the effects of exposure to television on mental health and obesity do not depend on parents’ employment situation. 
6. Mechanisms 
This section explores the type of activities that the increased exposure to television replaced as potential mechanisms behind the 
impact of television on mental well-being and BMI. We explore the effect of exposure to television on time allocation across three 
main dimensions: (i) social activities, (ii) sports and (iii) extracurricular educational activities. 
First, to explore whether television changes the time that children dedicate to social activities, we estimate the baseline speci- 
fication and use as dependent variable a standardized version of an index that originally adds the frequency with which children 
get involved in all the activities available in the dataset in which children are likely to interact with others. All these activities are 
measured in a scale that ranges from 1 (never) to 6 (most days), and are: going to (i) a party (ii) cinema, (iii) theater, (iv) live sports 
events, (v) pub/bar, (vi) youth club, (vii) library, (viii) museum, (ix) historical place, hanging around (x) near home, (xi) in their 
town centre, and (xii) doing voluntary services. In theory, if children spend less time in social activities as a response to increased 
television exposure, this may have detrimental effects for their mental well-being. Moreover, by reducing the time children spend in 
social activities, they may also be less physically active, which may increase their BMI. Panel A of Fig. 12 presents the estimates and 
shows that the digital transition reduced the frequency of children getting involved in social activities. We find that this impact ac- 
cumulates over time, consistent with our baseline estimates on the detrimental effects of exposure to television on mental well-being 
and BMI. It is also important to note that this section uses standardized dependent variables to allow for a greater comparability 
of the estimates across mechanisms. To examine the magnitude of the effect of the switchover on social activities, Appendix A.12 
repeats the analysis of this section using the original index variables as dependent outcomes. Taking into account that we found that 
13 
A. Nieto and M. Suhrcke Journal of Health Economics 80 (2021) 102543 
Fig. 9. Heterogeneity in Income. The figure presents the estimates of the event dummies of the baseline specification separately for the subsamples 
with a household income below and above the median. We use as dependent variable children’s overall mental discomfort score in panels A–B, and 
BMI in panels C–D. We present 95 per cent confidence intervals after clustering standard errors at the LSOA level. 
the switchover increased TV viewing time by 619.77 h per individual in the six years after its occurrence, we compute that, 52 more 
hours of TV viewing (or one extra hour per week during a year) reduces children’s involvement in social activities by 0.50 points six 
years after the switchover, which represents a decrease of 0.90% relative to the average baseline level of this index. Appendix A.13 
provides further evidence on whether the reduction in social activities as a response of the digital switchover indeed led to a decrease 
in social abilities and interactions for children. As shown, the digital transition reduced the frequency of children reporting that they 
are liked by others of their age as well as their number of friends. 
Second, we explore whether television changes children’s physical activity by estimating the baseline specification and using as 
dependent variable a standardized version of an index that originally adds indicators on whether children mention doing the following 
exercises: (i) walking, (ii) swimming, (iii) cycling, (iv) running/jogging, (v) tennis/squash, (vi) aerobics, (vii) football, (viii) rugby, 
(ix) basketball/netball, (x) cricket, (xi) athletics, (xii) martial arts, (xiii) horse riding, (xiv) gymnastics, (xv) dancing, and (xvi) other 
sport. In principle, if exposure to television reduces the frequency of children doing sports, the increased sedentary behaviour may 
lead to an increase in BMI and mental discomfort. Panel B of Fig. 12 presents the estimates and shows that indeed the digital transition 
reduced the frequency of children getting involved in sports. Using the estimates in panel B of Appendix A.12 and the magnitude of 
the effect of the switchover on TV viewing time, we calculate that 52 more hours of TV viewing (or one extra hour per week during 
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Months Relative to Digital Transition
Panel D: BMI Girls
Fig. 10. Heterogeneity in Gender. The figure presents the estimates of the event dummies of the baseline specification separately for boys and girls. 
Panels A–B use as dependent variable the overall mental discomfort score of children, while panels C–D use as dependent variable BMI for children. 
We present 95 per cent confidence intervals after clustering standard errors at the LSOA level. 
a year) decreases the number of sports that children practice by 0.03, which represents a decrease of 1.25% relative to the average 
baseline level of the sports index. 
Lastly, we explore whether exposure to television changes the probability of children getting involved in extracurricular edu- 
cational activities by using as dependent variable the likelihood of children reporting that they regularly attend any of the follow- 
ing classes: (i) music, (ii) arts, (iii) tutorials for school subjects, and (iv) religious classes. In theory, watching television is worse 
for children’s cognitive development relative to attending the aforementioned extracurricular and cultural activities. Panel C of 
Fig. 12 presents the estimates, and shows that the digital switchover had no impact on the probability of children attending extracur- 
ricular educational activities. 
Taking all the previous findings together, this section has shown that one more hour of television viewing per week during a year 
decreases the frequency of children getting involved in social and sports activities by 0.9% and 1.25%, respectively. This may explain, 
at least in part, our baseline results on one more hour of television viewing per week during a year increasing mental discomfort and 
BMI for children by 3.53% and 1.04%, respectively. 19 
19 In appendix A.14, we also explore whether the effect of exposure to television on children’s mental well-being and BMI may be due to changes 
in their eating habits or personal views about their appearance, but we do not find evidence on these being the case. 
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Months Relative to Digital Transition
Panel D: BMI Non-white British
Fig. 11. Heterogeneity in Ethnicity. The figure presents the estimates of the event dummies of the baseline specification separately for white British 
and non-white British. Panels A–B use as dependent variable the overall mental discomfort score of children, while panels C–D use as dependent 
variable BMI for children. We present 95 per cent confidence intervals after clustering standard errors at the LSOA level. 
16 











































































Months Relative to Digital Transition




































































Months Relative to Digital Transition


































































Months Relative to Digital Transition
Panel C: Does Extracurricular Activities
Fig. 12. Mechanisms–Social, Sports and Extracurricular Educational Activities. Panels A–C of the figure present the estimates of the event dummies 
of the baseline specification using as dependent variable an index of the frequency of children getting involved in (i) social and (ii) sports activities, 
as well as (iii) the probability of children regularly attending extracurricular educational activities, respectively. We standardize non–binary outcome 
variables to allow for a greater comparability across panels. We present 95 per cent confidence intervals after clustering standard errors at the LSOA 
level. 
7. Conclusions 
This paper has contributed evidence on the causal impacts of exposure to television on children’s mental well-being and BMI, 
using the digital television transition in the UK as a natural experiment. The digital switchover consisted in the transformation of 
every television transmitter in the UK to cease the broadcast of analogue television signal and start the provision of high power digital 
signal. The reform gave access to digital television signal to millions of households, increasing the number of television channels they 
could watch from 5 to 40. The digital transition took place during the period of 2008–2012 in stages across the different areas of the 
UK, and we exploit variation in the switchover dates across more than 40,000 geographical units. 
Using an aggregate panel dataset containing information on TV viewing for the different TV regions in the UK, an individual panel 
dataset containing annual information on the health characteristics of children and an event study model that exploits variation in the 
dates when the digital transition occurs in the different UK areas, we provide causal evidence on the effects of the digital transition 
on TV viewing time, mental well-being, and BMI. First, we find that TV viewing time does not change in the years prior to the digital 
transition, suddenly increases right after the switchover introduction, and that this impact is increasing over time. Second, we show 
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that child mental health and BMI do not change in the years prior to the switchover, but that the digital transition worsens the mental 
well-being of children considerably, and that the effect is increasing over time. We also find suggestive evidence that the switchover 
could have increased children’s BMI. We test for potential channels behind the effects of the digital transition on mental well-being 
and BMI, and show that the switchover reduces the frequency with which children participate in social and physical activities. In 
contrast, we do not find evidence supporting changes in children’s eating habits, perceptions about appearance and involvement in 
extracurricular educational activities as a response of an increased exposure to television. 
As this paper focuses on the effects of television, one might question the true relevance of the findings, given that the time 
children dedicate to television viewing has decreased during the last years. First, while we acknowledge that television watching 
has indeed recently decreased, it is also true that this reduction has been slow, and that the time that children spend in front of 
the TV remains substantial. Following a report from Ofcom, children aged 12–15 dedicated on average 13.25 h per week to watch 
television in the UK in 2018. Second, the decrease in television viewing time through a television set has been compensated by a 
rise in the time that children dedicate to watch internet-based streaming services, such as Youtube, Netflix or Amazon Prime video, 
which is an activity very similar if not identical to television watching. In particular, both television viewing and internet-based 
streaming services viewing are types of screen watching that involve increased sedentary behaviour. Moreover, both an increase in 
TV viewing and internet-based streaming services viewing are likely to replace the same type of activities for children (sports and 
social activities). Thus, both TV and internet-based streaming viewing are likely to have similar health consequences, and therefore 
the estimates provided in this paper should be relevant to evaluate the effect of other types of screen watching activities that have 
recently become very popular on children’s health. 
Based on our results, policymakers should seriously consider policies that reduce children’s access to television (and likely similar 
media) as potentially promising means of improving children’s health. 
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